We use a representative and cross-country comparable sample of manufacturing firms (EFIGE) to document patterns of interaction among firm-level internationalization, innovation and productivity across seven European countries (Austria, France, Germany, Hungary, Italy, Spain, United Kingdom). We find strong evidence of positive association among the three firm-level characteristics across countries and sectors. We also find that the positive correlation between internationalization and innovation survives after controlling for productivity, with some evidence of causality running from the latter to the former. Our analysis suggests that export promotion per se is unlikely to lead to sustainable internationalization because internationalization goes beyond export and because, in the medium-to-long term, internationalization is driven by innovation. We recommend coordination and integration of internationalization and innovation policies 'under one roof' at both the national and EU levels, and propose a bigger coordinating role for EU institutions.
INTRODUCTION AND MOTIVATION
Policy makers traditionally have attempted to encourage internationalization based on the implicit rationale that internationalization is associated with productivity growth.
Since innovation is the key driver of productivity growth, much attention has been devoted to the specific channels through which trade affects innovation. For example, it is the focus of the OECD's Trade Committee 'Trade and Innovation Project' which aims at "a better understanding of how exactly trade and investment patterns and policies affect innovation capacity, and interact with other key policies influencing innovation performance" (www.oecd.org/tad/benefitlib/innovation).
The Trade and Innovation Project highlights three channels through which internationalization affects innovation (Kiriyama, 2012) : imports, foreign direct investment (FDI) and trade in technology as means of technology diffusion; imports, FDI and technology transfer which intensify competition and thus increase incentives to innovate; exports, which also offer learning opportunities to firms and thus foster innovation. All these effects have been interpreted as supporting the case for tradepromoting policies.
These channels originally were investigated in the literature linking trade flows to various macro variables -such as output, income, TFP and innovation -at the aggregate level (see, e.g., Frankel and Romer, 1999). However, as De Loecker (2011) points out, they do not decompose aggregate productivity growth into within-firm productivity gains due to innovation, and between-firm productivity gains due to reallocation.
Starting with the study by Bernard and Jensen (1999) , a large body of evidence based on micro datasets has emerged, which aims at filling the gap. In his survey of international trade and technology diffusion, Keller (2004) find little evidence of 'learning by exporting' in econometric studies, while Wagner (2007) finds strong evidence of selfselection of more productive firms into export markets, across a wide range of countries and industries, but little evidence that exporting enhances firm productivity.
There is some support for the 'learning by exporting' channel typically for countries-industries behind the best practice frontier (see, e.g., Van Biesebroeck, 2005; De Loecker, 2007) , but few studies show that export fosters innovation (Bratti and Felice, 2012) . None support the idea that export promoting policies induce sufficient level of innovation to foster within-firm productivity growth. In fact, current research into the impact of export on innovation tends rather to point to an effect of innovation on exports (Cassiman and Golovko, 2011; Becker and Egger, 2013 ).
The present paper contributes to this policy debate in three ways. First, we document the pattern of correlations between firm internationalization, innovation and productivity across seven European countries. We rely on the recently released EU-EFIGE/Bruegel-UniCredit (henceforth, EFIGE) dataset. This survey dataset covers a representative and cross-country comparable sample of manufacturing firms across seven European countries (Austria, France, Germany, Hungary, Italy, Spain, the UK) for the year 2008, although several recall questions in the survey concern the previous three years. In relation to internationalization, the dataset allows us to go beyond the basic exporters/non-exporters dichotomy and to distinguish between firms that are internationally inactive firms and various categories of internationally active firms. This is important since international activity increasingly is characterized not only by exports but also by FDI, imports and outsourcing within global value chains. Similarly, in relation to innovation, we go beyond R&D and embrace a broader concept of innovation, which allows us to investigate the role of a richer set of activities, including information technology (IT).
Our analysis emphasizes the number of different internationalization and innovation modes the firm adopts. We refer to the first as 'internationalization intensity' and the second as 'innovation intensity'. We find that larger and more productive firms exhibit higher internationalization intensity and also higher innovation intensity. Our cross-section analysis shows that more innovative country-sector pairs (which we term 'milieux') number more internationalized firms, while in more internationalized 'milieux' firms are more likely to innovate.
While large and more productive firms are clearly the main drivers of internationalization and innovation, these activities are not concentrated only in this elite group (the 'happy few'). There is also a fringe of smaller and less productive firms that have a mix of relatively simple international and innovation activities (our data cover numerous small and medium-sized enterprises -SMEs -10-250 employees). Hence, the most active innovators and exporters are at the top of a pyramidal structure of smaller firms with different levels of internationalization and innovation intensity: the number of firms decreases as the intensity of both internationalization and innovation activities increases, while their size and productivity grow proportionately.
The second contribution of this paper is an attempt to identify causality in the positive correlation between innovation intensity and internationalization intensity. We are constrained by the cross-sectional nature of our dataset, but exploit the variation across countries and sectors of two exogenous innovation-related variables to instrument innovation intensity. These are: share of firms that have benefited from R&D financial incentives or R&D-related tax allowances, in a given (NACE 2 digits) industry-country pair, during the period [2007] [2008] [2009] ; and share of investment in R&D over value added of a given (NACE 2 digits) industry and country in the years [2002] [2003] [2004] [2005] [2006] . Regressions using these instrumental variables hint at causation running from innovation to internationalization, which is in line with the studies based on micro data.
Our third contribution is to discuss the implications of our findings for tradepromotion and innovation policies for the EU. The most important implication is for the governance of these policies. Innovation policy currently is the responsibility of DG Enterprise and Industry:
Innovation policy is about helping companies to perform better and contributing to wider social objectives such as growth, jobs and sustainability. There are many policy tools available to achieve this, ranging from establishing supportive framework conditions (e.g. human resources, an internal market, intellectual property) to facilitating access to finance, policy benchmarking and enabling collaboration or stimulating demand, for instance, through regulation, standards and public procurement. The rationale for European innovation policy is strongest where it is oriented toward addressing the most significant challenges facing society today. The main current European Union's innovation policy is the Against this background, our findings shed some light on why evidence on the effectiveness of export/import promotion is mixed (see, e.g., Wilkinson and Brouthers, 2006; Lederman, Olarreaga and Payton, 2010) . Export promotion on its own is unlikely to lead to sustainable internationalization because internationalization is more than exporting/importing, and because internationalization is likely driven by innovation. In this respect, our analysis suggests that promotion, if any, should be extended beyond exports and imports, to other modes of internationalization such as direct investment, outsourcing agreements and participation as suppliers in global value chains. More crucially, we would recommend that internationalization and innovation policy should be coordinated and integrated within a single responsibility, at both national and EU levels, and that the role of EU institutions should be increased with particular emphasis on innovation policy as a driver of internationalization.
The rest of the paper is organized in four sections. Section 2 presents the dataset and introduces some key definitions of the variables and concepts. Section 3 studies the relation between internationalization and productivity on the one hand, and innovation and productivity on the other, emphasizing the role of internationalization and innovation intensity. Section 4 examines the relation between these intensities more deeply and proposes a causal analysis. Country and sector specific differences are discussed in Section 5 and Section 6 concludes with some policy implications.
DATA AND DEFINITIONS
The analysis in this paper exploits EFIGE data, a unique dataset of manufacturing firms in seven European countries. The EFIGE dataset includes 14,759 European firms, including around 3,000 in Germany (DE), France (FR), Italy (IT) and Spain (ES), some 2,200 firms in the UK (UK), and around 500 firms in Austria (AT) and Hungary (HU).
Precise figures are reported in Table 1 .
The EFIGE dataset has several unique features. First, it is a stratified sample built to be representative of the manufacturing structure of the countries covered. In particular, the sampling design follows a stratification by industry, region and firm size structure.
Oversampling of larger firms (>250 employees) is part of the design of the dataset to allow adequate statistical inference for this size class of firms; appropriate sample weights then ensure representativeness of the retrieved statistics at country/industry level. Importantly, the survey excludes firms smaller than 10 employees. Imposing this limit means that internationally active firms are likely to be over-represented in our sample compared with the national universe of firms, which typically is characterized by a large number of relatively small, domestic enterprises. Since the survey questions refer to a three-year period (averages) not just one year, our innovation modes include:
• Number of IT solutions (0-3):
1. Internal information management (e.g. SAP/CMS) 2. Sales IT, e-commerce (online purchasing/online sales) 3. Supply chain management (of sales/purchase network)
• Number of successful innovations (0-2):
4. Applied for a patent and/or registered a trade mark 5. Registered an industrial design
• Number of R&D sources exploited (0-2) 6. R&D activities carried out in-house 7. R&D activities acquired from partners Based on these seven modes, innovation intensity should range from 0 to 7. However, since only 78 firms in our sample are involved in all seven modes, we include firms using 6 and 7 modes in the same group. Hence, our innovation intensity measure ranges between 0 and 6.
INTERNATIONALIZATION, INNOVATION AND FIRM PERFORMANCE
In this section we present some stylized facts related to internationalization and innovation that emerge from our data. We examine internationalization and innovation activities, one at a time, linking our findings to the literature on firm heterogeneity. In subsequent sections we explore how they interact.
In the first part of this section, we use our data to replicate key findings in the trade literature: internationalized firms are larger and more productive than noninternationalized firms, and their size and productivity premia follow a stable ranking across internationalization modes. We confirm these findings using both the original EFIGE data and the matched data which allow us to retrieve a measure of TFP.
In the second part of the section we investigate whether the pattern is similar for innovative and non-innovative firms. We find that this is only to an extent. Whereas internationalized firms are larger and more productive than non-internationalized firms, innovative firms are larger but not necessarily more productive than non-innovative firms. Accordingly, internationalized firms seem to belong to a more select 'club' than innovative firms.
The main contribution of this section is providing a more detailed characterization across a broader set of internationalization and innovation modes than is currently available. We consider the pooled sample of European firms, emphasizing heterogeneity within countries and industries.
Internationalization and firm performance
Research and policy both focus on the ability to export as a marker of virtuous firm performance. Most studies show that firms that export differ in size and performance from non-exporters, with the former being larger in terms of output and employment and more capital intensive and more productive than non-exporters. This finding, first shown for the US by Bernard and Jensen (1999) , has been confirmed for several European countries by Wagner (2007) . 4 However, exporting is only one of several ways that firms may be active in international markets. A relatively recent body of work shows that imports also contribute to explaining company performance. Several contributions suggest the existence of a relationship in which the importing activity of firms leads to within-firm TFP gains. In particular, importing intermediate goods improves plant productivity. 5 There are at least three channels through which imports at firm-level can directly affect a firm TFP: a variety effect, where the broader range of available intermediates contributes to production efficiency; a quality effect, induced by the intermediates available from abroad being of higher quality than those locally available; a learning effect from part of the technology incorporated in the imported goods. However, similar to the case of exporters, importing firms are also ex-ante different: they are much bigger, more productive and more capital-intensive than non-importers. Further, both importing and exporting activities are concentrated in a few firms. 6 Unlike importing, both outsourcing and FDI offer more controlled access to local inputs since these two modes of internationalization allow for greater oversight of the production process. Outsourcing in particular allows the parties to establish a contractual relationship in which some customization of the input can be jointly agreed, and some agreement can be reached on the sharing of profits. However sharing of profits depends on the implied transaction costs and contractual imperfections being not too overwhelming; if they are too high, the firm may decide on direct investment (paying higher fixed setup costs) in order to internalize the decision process. 7 Of course, cost saving is not the only firm motivation for going multinational. The decision might be driven by a market-seeking motive since FDI allows them to serve foreign markets locally without incurring the trade costs associated with exporting. In this case the ensuing multinational structure makes it possible to internalize the foreign sales procedure and retain direct control over the whole process. (2013) for Denmark. 7 The decision on whether to organize production activities within or beyond the boundaries of the firm has been studied theoretically by Antràs and Helpman (2004) , and empirically verified by, among others, Nunn and Trefler (2008) . See also Helpman, Marin and Verdier (2008) for a comprehensive collection of essays on the organization of firms in the global economy. 8 See Helpman (1984) .
employment decline than other firms. These modes apparently allowed European firms to spread the pressure along the value chain.
In investigating this range of international activities in our data, at the extensive margin we find that 77% of firms have at least one mode of direct internationalization.
9 Table 2 compares the modes present in our data, showing that exporting is the most frequent, with 67% of firms that can be considered exporters in the three years from 2006 to 2008. More specifically, in 2008, 53% of firms were exporters, while 14% were not exporters but had exported in previous years. Importing is the second most common international activity, with almost half of the firms in our sample importing intermediate goods.
For outsourcing activity, 39% of firms acted as suppliers to international customers (outsourcees) and 25% sourced from abroad (outsourcers). FDI is the least frequent activity, and is undertaken only by 10% of the firms in our sample.
For size and performance (proxied here by sales per employee), a clear ranking emerges. Table 2 shows that outsourcers and FDI makers tend to be larger than other internationally active firms, and outsourcees and exporters tend to be smaller than importers. The ranking is similar for sales per employee. 10 Existing studies explain these results as being due to 'self-selection'. The paper by Bernard and Jensen (1999) was the first to postulate that the superior performance of exporting firms with respect to purely domestic firms was attributable to self-selection:
because of the related fixed (sunk) trade costs, only the most productive firms self-select into export markets. 11 Altomonte and Békés (2010) 9 The high level of internationalization in our sample is also a consequence of the 10 employee threshold. National datasets suggest that very small firms (i.e. with fewer than 10 employees) are unlikely to be engaged in direct trade or foreign investment, although firms can be involved indirectly in international activities -e.g. buying imported tools from a domestic DIY store, selling to a domestic-based wholesaler who later exports the good. 10 Altomonte et al. (2012) show that this ranking is also confirmed for TFP. 11 Békés and Muraközy (2012) emphasize that these differences are related mostly to sunk cost intensive trade technologies, where firms build long-term relationships. Using data for Germany, Wagner (2011) finds that, compared to firms that do not outsource abroad, those who do are larger and more productive, and have a higher share of exports in total sales. For Japanese firms, Tomiura (2007) By nesting the various firm international modes rather than considering them separately, we can build on the measure of internationalization intensity, defined in Section 2 as the number of internationalization modes in which a firm is simultaneously involved (Exporter, Importer, FDI maker, Outsourcer, Outsourcee). For frequency, we find a fairly even (18%-22%) split among firms with 0, 1, 2, 3 activities. Firms with 4 international activities are relatively fewer (13%) and just 6% of firms undertake all 5 modes of internationalization. This recalls the 'happy few' notion in Mayer and Ottaviano (2007) , that is, that only a very few, very large and very productive firms are deeply integrated in the global economy.
There are two potential explanations for this result. First, the already discussed argument of self-selection: Table 3 shows that the 3% of firms involved simultaneously in five internationalization modes are very much larger (double in size and sales) and around 10% more productive (sales per employee) than firms involved in only four simultaneous international activities. Second, complementarities among the various modes of internationalization may be important. For example, Yasar et al. (2007) , using data for Ireland and focusing on services imports, argue that there are potential positive effects from international outsourcing, but that these benefits accrue only to firms that are also exporters. 
Innovation and firm performance
The richness of the EFIGE data allows us to replicate the internationalization modes analysis for the case of innovation modes, linking the same firm performance to their innovation patterns. Table 4 replicates the exercise presented in Table 2 for internationalization modes, but applying it to innovation modes and their relationship with firm size and sales per employee. In our sample, 87% of firms are involved in some innovation activity, a figure substantially higher than found by most studies of innovation (the most recent CIS found a 52% rate for the EU27 for 2008-2010). 13 The main reason for this is that we use a rather broad measure of innovation. For example, R&D using external sources, and application of IT in management are typically excluded in the innovation literature.
Active firms are larger in terms of both sales and employment and also generate a higher number of sales per employee. Using IT management tools is the most frequent activity, followed by supply chain IT tools. Almost half of the firms also reports spending on internal R&D whereas activities such as IT process supporting sales, and external R&D, are less frequent. As expected, breakthrough results yielding new patents or designs are rare. The more infrequent the activity, the larger (in terms of both sales and employment) the firms involved. However, this pattern does not carry over to sales per employee. Sales in millions of Euros, generated from the following turnover range midpoints: 0.5m, 1.5m, 6m, 12.5m, 32.m5, 150m, 500m. The variable sales per employee is calculated for a subsample of 7,043 firms using balance sheet data from AMADEUS. Source: Authors' elaboration of EFIGE data. Table 5 presents innovation intensity as defined in Section 2 as the number of innovation modes in which the firm is simultaneously involved. The innovation intensity variable is constructed in a similar way to the internationalization intensity variable. As shown in Box 2, the maximum number of modes is 7, but since only 78 firms are involved in all modes, we combine firms involved in 6 and 7 modes in the same cell. a Modes of innovation are non-mutually exclusive. b Sales in millions of Euros, and generated from the following turnover range midpoints: 0.5m, 1.5m, 6m, 12.5m, 32.m5, 150m, 500m. The variable sales per employee is calculated for a subsample of 7,043 firms using balance sheet data from AMADEUS. Source: Authors' elaboration of EFIGE data. Table 5 shows a clear ranking of firm performance measured as innovation intensity: more innovative firms are not only larger measured by sales and employment, but also are more productive (sales per worker). 15 This difference from frequency of individual innovation modes in Table 4 where less frequent modes are reserved to larger although not necessarily more productive firms. If we look beyond averages, this inconsistency is less clear cut. Figure 2 compares the TFP distribution of firms with zero, low and high innovation intensity activities. It shows that the distribution of firms involved in more than two innovation modes, measured as TFP, stochastically dominates the TFP distribution of firms involved in less than two innovation modes and the distribution of non-innovative firms. It also reveals no clear difference between the TFP distributions of innovating firms using two or more innovation modes. This differs from the picture for internationalization: firms involved in a larger number of internationalization modes, and firms involved in rarer internationalization 14 In a similar vein, the EU Innovation Scorecard (http://ec.europa.eu/enterprise/policies/innovation/files/ius-2013_en.pdf) uses a combined indicator of 24 variables to assess innovation at national level. 15 Starting from the work of Griliches (1998) on the relationship between innovation investment (R&D) and productivity, a number of studies point to innovation as an important source of productivity differences between firms. A survey of this literature by Hall (2011) finds a substantial positive impact of product innovation on revenue productivity, with a more ambiguous impact of process innovation. In our data, innovation intensity is positively and significantly associated to firms' TFP, controlling for country and industry characteristics as well as firms' size (coefficient of 0.014).
modes, are larger and more productive. Figure 1 shows that applies also to stochastic dominance. 
INTERNATIONALIZATION AND INNOVATION ACROSS FIRMS
We have investigated the relations between internationalization and firm performance, and the relations between innovation and firm performance. Existing studies point to several channels of interaction between internationalization and innovation. We explore these below.
Related literature
The most widely studied aspect of the interaction between internationalization and innovation is the link between exports and product and process innovation. There is some evidence that product and (to a lesser extent) process innovation might drive exports at firm They find that among innovating firms or firms investing in R&D, almost all firms import and more innovative firms source more foreign products. Indeed, there is a positive correlation between R&D investment and also import participation and import share, number of imported products and productivity. In addition, firms that start to innovate experience an increase in import share. Amiti and Khandelwal (2013) show that there is a significant relationship between import tariffs and product innovation ('quality upgrading'), whose direction depends on how far the product is from the world quality frontier. For products close to the frontier, low tariffs encourage innovation to upgrade quality; for products far from the frontier low tariffs discourage quality upgrading. In relation to outsourcing, Naghavi and Ottaviano (2010) emphasize incomplete contracts, and posit that outsourced upstream production contributes to the emergence of innovation networks by creating demand for upstream R&D.
Innovation also affects the choice of market entry -by export or FDI. Békés and Muraközy (2012) find that firms who already innovate and already sell innovative products compare modes of internationalization based on the relative costs of defending their property rights. If there is a considerable amount of knowledge embedded in the exported product, contractual imperfections shift the balance towards FDI.
In the wake of this growing body of evidence, we investigate the direct relation between internationalization and innovation. This should contribute to the existing evidence in two respects. First, the unique features of our dataset allow us to provide a richer picture of the relation between internationalization and innovation intensities. Second, we propose ways to control for observable and unobservable firm characteristics that might cause spurious correlations between internationalization and innovation.
Descriptive statistics
The analysis in Section 3 hints at the possible interplay between internationalization and innovation since both are positively associated with firm performance. This is presented in Table 6 , where internationalization intensity and innovation intensity are correlated. Moving along the diagonal in Table 6 (i.e. increasing both number of internationalization modes and number of innovation modes adopted simultaneously) leads to a drop in the number of firms (upper panel), but also to a significant increase in average firm size (lower panel -average employment), in line with the 'happy few' idea. In particular, comparing the top left cell (firms not involved in any innovation or internationalization activity) with the bottom right cell (firms with the highest levels of internationalization and innovation intensity) at the bottom of Table 6 , we observe that highly internationalized and innovative firms are of average size (387 employees), which is around 14 times bigger than the average size of noninnovating and non-internationalized firms (28 employees).
The evolution of firm size tends to be symmetric across internationalization and innovation intensities. For example, the average size of firms with one innovation activity is 53 employees, with size increasing across the different international activities from 28 (no international intensity) to 120 (maximum international intensity). But also the average size of firms with one international activity is similar (56 employees), with size increasing from 31 employees (for non-innovating firms) to 133 (maximum innovation intensity). Similar patterns emerge if we control respectively for symmetric numbers of innovation or internationalization activities. Hence, innovation and internationalization seem to be inextricably intertwined with successful firm performance. Figure 3 translates the information contained in the two panels in Table 6 to two corresponding graphs in order to disentangle the distribution of firms (upper panel A) and their shares (lower panel B) of employment across the innovation and internationalization intensity cells. Both panels exhibit a pyramidal structure, but with the patterns reversed. In panel A, the peak of the distribution is for lower levels of innovation and internationalization intensities. In panel B, the peak corresponds to high intensities. Most firms appear to engage in very few internationalization or innovation modes, but the bulk of employment is accounted for by firms engaged in several types of internationalization and innovation modes. However, a non-negligible fraction of firms engages simultaneously with some internationalization and innovation modes. Among these, there is some bias towards a larger number of internationalization modes and a lower number of innovation modes.
Figure 3. Distributions of firms across innovation and internationalization intensities.
Source: Authors' elaboration of EFIGE and AMADEUS data.
Note: In both panels, the circle denotes the 'happy few'. In panel B, the share of total employment is the sum of firm employment by intensities.
Econometric results: baseline
The patterns in Table 6 and Figure 3 are reinforced once we impose more structure on the analysis and estimate simple regressions models. Columns (1), (2) and (3) in Table 7 are obtained by estimating the following equations, respectively: is an error term.
The partial correlation coefficients in Table 7 show that higher innovation intensity is strongly associated with higher internationalization intensity (Column 1). This holds after controlling for country, size and sector fixed effects (Column 2), in order to account for observable (constant) characteristics of firms which might induce both innovation and internationalization. Interestingly, the relationship also holds for the inclusion of firm-level TFP as an additional control, that is, an observable time-varying variable that synthesizes a number of firm-level characteristics typically associated with both internationalization and innovation (Column 3). 17 Overall, Table 7 shows that a unit increase in innovation intensity is associated on average with an increase of around 0.3 in internationalization intensity.
The OLS estimations do not take account of the discreteness of the dependent variable.
Hence, as a robustness check, in Table 7 we also report the results of a Multinomial Logit Table 7 shows that the MNL results are in line with the OLS model: being more innovative increases the probability of internationalization, although in a non-monotonic manner (the effect of innovation tends to decrease once the firm is already involved in three or more activities). 19 We replicated the model specification reported in Column 3 (controlling for TFP) through The foregoing results support the conclusion that the positive correlation between internationalization and innovation intensities is not spuriously driven by observable firm characteristics, including TFP. This is consistent with the correlation being the outcome of specific firm choices to develop internationalization and innovation jointly (though not necessary sequentially) over time, which is in line with recent studies. 18 Similar to what we did for the OLS model, we tried to estimate the MNL controlling for TFP. However, the maximum likelihood converges only if we drop either industry or country effects. In both cases, the results (available on request) are in line with the specifications in Table 7 . 19 As a further robustness check for the restrictiveness of the IIA (Independence of Irrelevant Alternatives) assumption in our case, we ran 5 logit estimations (1 for each internationalization mode) where the dependent variables take the value 1 if the firm adopts a particular mode and 0 otherwise. Results are confirmed. Tests are available upon request.
OLS
Internationalization Intensity 
No Yes
Notes: a * denotes significance at the 10% level, ** 5% level, and *** 1%. Robust standard errors are in parentheses. The dependent variable is internationalization intensity. b Country dummies refer to Germany, France, Italy, Spain, UK, Hungary and Austria. Specifications (2) , (3) and (5) 
Econometric results: instrumental variables
Although the positive correlation between internationalization and innovation is stable across various specifications and econometric techniques, our results might suffer from a reverse causality problem. In particular, some previous studies find that firms innovate as a result of internationalization activities while others find that firms internationalized because of increased innovation intensity.
In principle, the actual causality direction is hard to disentangle, given the cross-sectional nature of our data. However, the cross-country and cross-industry features of the dataset allow us to match the variability across countries and industries of our innovation intensity variable, with other exogenous proxies for innovation that vary along the same dimensions and, which, thus can be used as instruments. In particular we exploit the variation across countries and industries of two exogenous innovation-related variables to instrument innovation intensity: On average, some 30% of firms in our sample reported benefiting from some form of R&D incentives (i.e. tax allowances, financial incentives) over the period 2007-2009.
However, there is quite large variation across industries and countries. The largest share of firms receiving R&D incentives is in Austria (52%) followed by Spain (46%) and France (40%). The lowest is in Germany (17%). Also, the firms enjoying these incentives are more likely to be in high tech sectors (see Appendix A3 for details). Finally, average R&D spending in a given country/industry is around 4% of total value added. 20 Reassuringly, correlations of the instruments with our dependent variable (internationalization intensity) are low, and smaller than the correlation of the same variable with our endogenous regressor (innovation intensity). On the other hand, correlations of the instruments with the endogenous regressor are not high. This is likely to lead to an efficiency loss of the instrumental variable (IV) estimation compared to the OLS and potentially weak instruments, a feature that we need to control for.
The regression results with IV are reported in Table 9 . 21 In the first stage we regress innovation intensity over the two instruments and find the coefficients both positive and 20 Note that the variable R&D intensity induces some selection due to the fact that data were not available for some industries in the OECD dataset (the number of data points goes from 14,769 to 13,779). This selection has no effect on the results. More details on the countries and the sectors with missing data are available on request. In the second stage regression, the coefficient of innovation intensity is also positive and significant (at 1%), with a unit increase in innovation intensity associated here on average with an almost 1 unit increase in internationalization intensity (.95). The output of the IV regression shows that the coefficient of innovation intensity is around three times larger than that yielded by OLS (see Table 7 ); the standard errors are much larger and the t-statistic is much lower. These are all signals that by implementing the IV technique we might be incurring a non-negligible efficiency loss due to the use of weak instruments.
Testing formally for the weakness of the instruments, we see that the value of the F statistic for joint significance is not excessively high (lower than the 'safe' rule of thumb value of 10), which confirms our concerns over the correlations. However, in the second stage regression the test of over-identifying restriction means we cannot reject the null hypothesis that both instruments are valid (p = 0.5254 > 0.05).
22
To sum up, our IV results confirm what we showed previously using OLS (i.e. a positive effect of innovation intensity on internationalization intensity) and hint that undertaking innovation efforts might lead to higher internationalization exposure for the firm. However, the econometric tests suggest that we should interpret the precise magnitude of these effects with caution.
INTERNATIONALIZATION AND INNOVATION ACROSS MILIEUX
So far, all the exercises have been carried out on the pooled sample of firms, using dummies to control for possible heterogeneity across countries and industries. In Section 4.2 country and industry dummies explain about 10% and 12% of the variation in internationalization and innovation intensities respectively, which suggests we can expect some, but not an overwhelming variation across countries and industries. However, it is at country and industry levels that policies typically tend to be designed and implemented.
Therefore, it might be of some practical interest to look at those levels in greater detail. To do so, we rely on the concept of milieu defined in Section 2 as a country-industry pair, and classify every pair relative to (simple) average internationalization and innovation intensities.
The detailed classification is reported in Appendix A4. In terms of the innovation intensity index, Hungary has all worst milieux, for example, wood, textiles and clothing, and furniture industries. Other poor innovation intensity milieux include French wood and fabricated metal industries, Spanish clothing and non-minerals, German leather, and Austrian furniture manufacture. Regarding internationalization intensity indexes, the worst 22 If we follow Mikusheva and Poi (2006) and run a conditional IV regression (or Weak IV regression), i.e. recovering values and confidence intervals of the asymptotically correct size, independent of the weakness of the instruments., the F-statistic of the first stage is well above the critical threshold of 10. The coefficient of the variable of interest in the second stage is correctly signed and strongly significant, but still larger than that obtained using OLS. There is only one case of low intensity in one dimension and high intensity in the other:
basic metals in Hungary are highly internationalized, but weak in innovation. Table 10 compares the share of exporters, importers, FDI makers, and outsourcers, across low and high innovation intensity milieux. It shows that in more innovative milieux the number of internationalized firms is higher. The difference is particularly evident for FDI.
Also striking is that more than 70% of firms operating in high innovation intensity milieux in our sample export. Finally, we exploit the information presented in Appendix A4 to capture the propensity for countries to be involved in innovation and internationalization activities. Figure 4 shows also that differences in innovation intensity are larger than differences in internationalization intensity: innovation matters more for driving differences across countries, which is in line with the previously discussed evidence.
Overall, in different countries, different industries exhibit higher internationalization or innovation intensities. Furthermore, the share of high innovation intensity industries seems to vary more across countries than the share of high internationalization intensity industries. Source: Authors' elaboration of EFIGE and AMADEUS data.
CONCLUSIONS AND POLICY IMPLICATIONS

Summary of findings
We exploited the unique features of the most recent EFIGE dataset to investigate the association between internationalization and innovation, in a representative and cross-country comparable sample of manufacturing firms with at least 10 employees, across 7
European countries (Austria, France, Germany, Hungary, Italy, Spain, UK) for the year
2008.
We found that the firms in our data are quite active in both innovation and internationalization: 87% of firms devote resources to R&D projects, IT solutions, or patent/design/trademark registrations, while 77% of our firms are active in international trade, cross-border outsourcing relations, or FDI. For modes of internationalization, there is a clear ranking of associated firm performance: FDI makers show the highest productivity, followed by outsourcers and traders. Innovation differences across modes are less clear cut.
There is a great deal of heterogeneity in the extent of firms' simultaneous involvement in internationalization (measured by number of internationalization modesinternationalization intensity) and innovation (measured by number of innovation modesinnovation intensity): 40% of firms adopt one or two internationalization modes, 21% adopt three, 12% adopt four, and 3% adopt all five internationalization modes; 51.6% of the firms adopt one or two innovation modes, 17.7% adopt three, 10.4% adopt four, and 7.3% are involved in more than five innovation modes,.
Firms with high innovation intensity tend also to show high internationalization intensity.
Instrumenting innovation intensity by the share of firms that have benefitted from R&D financial incentives or R&D-related tax allowances in a given (NACE 2 digits) industrycountry pair, we find evidence that this positive correlation is causal -from innovation to internationalization.
A positive correlation between innovation and internationalization intensities appears at both firm level and country-industry (milieu) level, and at country level when average intensity is calculated disregarding the relative numbers of firms in the different industries.
If country average intensities are computed weighting by firm numbers in the various industries, the correlation between innovation and internationalization intensities across countries appears weaker, suggesting that innovation matters more than internationalization for driving differences across countries.
Policy implications
Our findings suggest that EU trade promotion and innovation policies should be better coordinated to reduce the current paradox of generally uncorrelated policies aimed at mostly correlated outcomes.
As discussed in the introduction, trade promotion is the responsibility of individual member states whose governments are concerned mostly with export promotiondemonstrated by the proliferation recently of national Export Promotion Agencies.
However, evidence of the extent to which export promotion is effective for fostering internationalization is mixed. Our analysis suggests that export promotion per se is unlikely to lead to sustainable internationalization because internationalization is much more than export. Firms, and especially SMEs, can internationalize if they can establish themselves in the global innovation and production networks; this does not require them to be exportersthere are several other viable modes of internationalization.
Our findings suggest also that export promotion per se is unlikely to lead to sustainable internationalization because in the medium-to-long term, internationalization is associated with innovation. The main problem, as highlighted in the introduction, is that innovation policy is the responsibility of the EC DG Enterprise and Industry and there is little interaction with DG Trade and the national Export Promotion Agencies.
We would recommend coordination and integration of internationalization and innovation
policies under a single responsibility at both national and EU levels, and a stronger coordinating role of EU institutions. This would facilitate the relevant policy makers internalizing the external effects of individual policies. For instance, we showed that R&D incentives can have a positive effect on the probability of internationalization, and uncoordinated institutional actions to promote innovation and internationalization could be ineffective and wasteful and result in 'double subsidization'. Coordination of their actions would allow policy makers also to consider integrated international networks of production and innovation. For example, according to DG Trade, 87% of international sourcing of parts for car manufacture is within the EU. Thus, the EU provides a natural framework for coordinated European internationalization and innovation policy making by the governments of its member states. Within this framework, apparently disparate policies, such as reducing the barriers to innovation by introducing a one-stop-shop for EU-wide patents, and reducing behind-the-borders obstacles to trade via more flexible customs procedures and better harmonized quality standards, would become part of a coordinated agenda.
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A2: PRODUCTIVITY ESTIMATION
Total Factor Productivity (TFP) was retrieved from EFIGE and AMADEUS data for around 50% of the sample of firms (balance sheet data from AMADEUS were missing for the remaining firms). As discussed in the text, the resulting restricted sample is unbiased with respect to the main variables of interest (internationalization and innovation) but biased in terms of country representativeness, with Italy, France and Spain being over-represented.
To calculate TFP, we assigned our observational units to sectors (NACE 2 digit levels)
pooling firm-level data across countries and years. For each sector we run Levinsohn and Output is proxied by added value, deflated using industry-specific (NACE rev. 
